SUMMARY. A sensitive radioimmunoassay has been applied to the study of rheumatoid factor activity of IgM and IgG subclasses in serum and synovial fluid of patients with rheumatoid arthritis. Although rheumatoid factor activity was found in all four subclasses, its distribution was not the same as that of the total subclasses in normal sera. Results are discussed in relation to the possible clinical value of measuring IgG rheumatoid factor in sera and synovial fluids of patients with rheumatoid arthritis.
Antigammaglobulins, known collectively as rheumatoid factors, are predominantly of the IgM class. IgG rheumatoid factors are also known to be present in the serum of rheumatoid arthritis patients (Torrigiani and Roitt, 1967; Ilter and Turner, 1973 ; Abruzzo and Heimer, 1974a, b; Hay et al., 1975) and these, like IgM rheumatoid factor, could be involved in the formation of deleterious antigenantibody complexes which contribute to the induction of inflammatory reactions in the joints. Such antigammaglobulins of the IgG class have been shown in rheumatoid arthritis sera by adsorption onto an insolubilised (heat aggregated or chemicallycross-linked) rabbit IgG, followed by elution at low pH and quantitation by radial immunodiffusion (Torrigiani and Roitt, 1967;  Ilter and Turner, 1973; Okafor, et al., 1975) or latex agglutination assay (Abruzzo and Heimer, 1974a, b) .
In a previous report (Shakib and Stanworth, 1976) we showed, using specific antisera in a radial immunodiffusion system, that IgG representative of all four subclasses is present in rheumatoid synovial fluids in a proportion similar to that in the corresponding sera. In order to obtain further information about the possible roles of immunoglobulin of the IgG class in the joint of rheumatoid patients, a sensitive radioimmunoassay has now been used to measure specific anti-IgG antibody activity within those IgG subclasses detectable in synovial fluids and sera.
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Materials and methods RHEUMATOID SYNOVIAL FLUIDS AND SERA Serum samples were obtained from 117 adult patients (50 seropositive, 67 seronegative) with rheumatoid arthritis, of whom 28 patients (14 seropositive, 14 seronegative) also provided a specimen taken concomitantly of synovial fluid from the knee. All samples (sera and joint fluids) were decomplemented by heating at 56°C for 30 minutes before testing for rheumatoid factor activity in the Rose-Waaler system. NONRHEUMATOID SYNOVIAL FLUIDS AND SERA Nonrheumatoid control samples comprised three matched pairs of serum and knee synovial fluid taken from adult patients with osteoarthrosis, 10 serum specimens from healthy young adults, and one knee joint fluid sample from a healthy young adult female.
MEASUREMENT OF THE ROSE -WAALER TITRE
The Rose-Waaler titre of the rheumatoid samples were measured by the standard procedure of Rose et al. (1948) and Waaler (1940) The method used for measuring rheumatoid factor activity of IgM, IgG, and IgG subclasses is a modification of that described by Hay et al. (1975) for measuring antigammaglobulin activity of IgM and total IgG in rheumatoid arthritis sera.
(a) Coating the tubes with rabbit IgG One ml volumes of 0-01 g/l of rabbit IgG in phosphate buffered saline (PBS; 0-01 M P04, pH 7-2 containing 0-15 M NaCl) were incubated in 2-5 ml plastic tubes of 8 mm diameter (Luckham Ltd, Victoria Gardens, Sussex) for one hour at room temperature and then overnight at 4°C. The IgG solution was then discarded and the tubes washed three times with PBS. Sites on the tube surface left unoccupied by rabbit IgG were blocked by subsequently incubating 2 ml of bovine serum albumin (BSA) solution (10 g/l in PBS) in the tubes for 2 hours at room temperature. The BSA solution was then discarded and the tubes washed three times with PBS, stoppered, and stored at 4°C until used for testing.
(b) Preparation ofthe radiolabelled antisera Human IgG subclass specific antisera were raised in sheep as described previously (Shakib et al., 1975) . Antisera to human IgM and to human IgG (yFc) were prepared in rabbits using conventional immunisation schedules.
Antisera specific for IgM, IgG, and individual IgG subclasses, after being diluted and made equipotent, were each precipitated (from 1 ml volume) by adding, dropwise with stirring, 2 ml of 24% Na2SO4 solution. The mixture was left standing for 15 minutes at room temperature whereupon the precipitate was separated by centrifugation and the supernatant discarded. The precipitate was finally dissolved in 1 ml of saline-citrate buffer (1-01 aqueous solution containing 5-75 g trisodium citrate 2H20, 27 25 g NaCl, and 0-5 ml IN HCl), pH 7-0, and dialysed against the same buffer overnight at 4°C. This antibody-rich solution was radioactively labelled as described by Hawker and Hawker (1976 (Hawker, 1974) which combines centrifugal desalting (through a column of Sephadex G-25 medium, packed in a disposable 10 ml syringe barrel) and sterilisation (in a modified millipore filter unit attached to the syringe barrel).
(c) Detection ofantigammaglobulin activity To each rabbit IgG coated plastic tube, 450 ,ul of 10 g/l of BSA/PBS solution was added, as a diluent, followed by 50 V.1 of the test or reference sample.
The tubes were then incubated for 1 hour at 37°C and for half an hour at 4°C. After the incubation period, the solutions were discarded and the tubes washed three times with cold PBS. One ml of 10 g/l BSA/PBS solution containing 5 ,u1 of the appropriate labelled antibody solution, was added to each tube and the tubes were incubated for 2 hours at 37°C and for half an hour at 4°C. The radioactive solutions were then discarded and the tubes washed three times with cold PBS. The tubes were drained free of any liquid and counted in a gamma-ray counter (Tracerlab gamma/guard 150) for 50 seconds. All samples were assayed in duplicate.
'Rheumatoid factor activity' of serum IgM, IgG, and of each IgG subclass was expressed as a ratio of the test serum counts/50 s to the mean counts/50 s of a group of normal sera (10 samples); the ratio being referred to as 'rheumatoid factor index' (RFI). The rheumatoid factor activity of IgM and IgG of synovial fluid was expressed similarly by taking the ratio of the test sample counts/SOs to that of a normal synovial fluid.
(d) Nonspecific adsorption of antisera on to the tube surface The nonspecific adsorption of the radioactively labelled antibodies onto the plastic tube surface was assessed by incubating 1 ml of 10 g/l BSA/PBS solution containing 5 Vu1 of the appropriate labelled antibody solution in rabbit IgG coated tubes which had not been first treated with test samples. The adsorption (measured as radioactive counts/50 s) of each of the anti-IgM, anti-IgG (total), and anti-IgG subclass specific antisera onto the plastic tube surface was negligible (i.e. between 117-397 counts/ 50 s) when the tubes were not first treated with a test sample.
(e) Nonspecific adsorption of test serum and synovial fluidantibodies onto the tube surface This was assessed by first treating with BSA instead of rabbit IgG, then coating the tubes with a test sample followed finally by treatment with 125j_ labelled antiserum as described in (c). The binding of serum IgM, IgG (total) , and each of IgG subclasses, as indicated in this way by the adsorption of their respective specific 125I-labelled antisera (measured as counts/50s) to BSA coated tube surface, was negligible (i.e. between 112-231 counts/50 s).
(f) Specificity ofthe antisera The specificity of the antisera used in the present radioimmunoassay system was assessed by incubating, as described in (c), 1 ml of 10 g/l BSA/PBS solution containing 5 V1 of the appropriate labelled antibody solution in each of 6 tubes coated with myeloma IgM, IgG (total), IgGI, IgG2, IgG3, and IgG4 respectively and blocked with BSA. Such experiments have shown (Table 1) that the anti-IgM, anti-IgG (total), and anti-IgG subclass specific antisera were all highly monospecific and strongly reactive with the respective immunoglobulin class or subclass. to the mean of the 10 results (i.e. mean counts/50 s). The upper and lower limits of RFI variation for each of the immunoglobulins studied in the normal synovial fluid are given in Table 3 . Table 3 . Out of 67 seronegative rheumatoid sera, 36 (54%) had IgM RFI values which were higher than the upper limit of normal but these IgM RFI values were significantly lower (P<0 001) than those found in the sera of seropositive patients. High serum IgG RFI values were also found in 36 (54 %) rheumatoid patients (only some of whom also showed high IgM RFI values) but the values appeared to be similar to those found in the sera of seropositive rheumatoid patients.
STUDIES OF ANTIGAMMAGLOBULIN ACTIVITY IN SEROPOSITIVE RHEUMATOID PATIENTS
The IgG subclass distribution of RF activity in the sera of seronegative patients was different from that in the seropositive patients' sera. Thus abnormally high RFI values of IgGl, IgG2, IgG3, and IgG4 were found in only 3 (4 %.), 11 (16 %.), 3 (4 %), and 2 (3%) seronegative patients respectively; values being significantly lower (P<0 1-0 001) than those of the seropositive patients' sera.
Abnormally high values of IgM and IgG RFI were found in 10 (71 %) and 14 (100%) synovial fluid samples from seronegative patients respectively; the IgM RFI values being significantly lower (P<0 001) than those found in seropositive rheumatoid patients. The IgG subclass distribution of RF activity in the synovial fluid samples of seronegative rheumatoid patients was found to be different from that found in synovial fluid samples of seropositive patients. Thus RFI values of IgGI, IgG2, IgG3, and IgG4 were abnormally high in 13 (93 %), 14 (100%),
ANTIGAMMAGLOBULIN ACTIVITY STUDIES IN OSTEOARTHROTIC PATIENTS
RF activity was also determined in sera and synovial fluids taken concurrently from 3 patients with osteoarthrosis. All showed normal IgM and IgG RFI values in their serum and synovial fluid samples except for one who showed an abnormally high IgM RFI value in the synovial fluid sample, but not in the serum. The results are summarised in Table 3 .
Discussion
Rheumatoid factor activity of the IgG class has previously been shown by adsorption on to, and elution from, cross-linked IgG followed by quantitative radial immunodiffusion (Torrigiani and Roitt, 1967; Ilter and Turner, 1973; Okafor et al., 1975) or semiquantitative latex agglutination assay (Abruzzo and Heimer, 1974a, b) . Such methods, in addition to being very laborious, are not applicable to the measurement of RF activity within the IgG subclasses, mainly because of their poor sensitivity. The present radioimmunoassay, which was previously applied to the measurement of RF activity of serum IgM and total IgG (Hay et al., 1975) 
